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@ Labelling blood cells. 

(g) European Patent Scecrfication 194843A describes a family 
of technetium-99m corrolexes of propylene amine oximes. of 
which that having slructare 2 is typical, which have interesting 
brain retention propert>es. This invention provides a method of 
labelling blood cells by jr^cubaling a suspension of the cells with 
such a technetium-99m complex of a propylene amine oxime. 
For granular sites, the method has been tested clinicaDy and 
found superior to 111-cxme. 
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LABELLING BLOOD CELLS 

EPA 123504 describes lipophilic macrocyclic complexes of technetium-99rn with ethylene or propylene 
amine oximes. By virtue of their zero net charge, these connplexes are capable of crossing the blood brain 
barrier, and are of interest for in vivo studies„of_the brain. 

EPA 194843 describes a family of compounds in this field which have been found to show improved brain 
retention. This familypf compounds consists of technetium-99m complexes of propylene amine oximes having 
the genera! structure 1, where each starred carbon atom can-ios single hydrogen atom. It shouid be 
understood that each carbon atom may carry substituent groups other than hydrogen. In particular the 
technetium-99m complex of compound 2. which is 4,8-^a-3,6,6,9-tetramethylundecane-2 10-dione bis 
oxime. has interesting brain retention properties. The d.l- fonn of compound 2 is being marketed commercially 
for labelling by the purchaser and use as a brain scanning agent indicating brain bloodflow 
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EPA 179608 describes another family of compounds in this field, having a general structure as 1 but in which 
only one of the starred carbon atoms carries a single hydrogen, and which are therefore asymmetric about the 
5-carbon atoms. 

This invention results from the discovery that technetium-99m complexes of compounds of structure 1 and 
related compounds are vafuable agents for labelling blood cells. This discovery was unexpected The prior 
literature in this field gives iittle reason for connecting brain scanning agents and brain bloodflow agents on the 
one hand with blood cell labelling agents on the other hand. 

The conventional technique for labelling -blood cells involves extracting a sample of blood from the patient 
recovenng the desired cells in relatively pure form, labelling the cells in vitro, and injecting the labelled cells 
back into the patient. At present, the preferred blood cell labelling agent is a complex of indium-1 1 1 with oxine 
(8-hydroxyquinoline). But this complex, together with other complexes of indium-111. suffers from several 
disadvantages :- 

- Cost and convenience. Indium-111 is relatively expensive and does not have an extensive range of 
applications; technetium-99m is cheap and useful for many other purposes. 

-The radiation dose to the patient. For same day or next day scanning, a technetium-99m complex would qive 
rise to a lower overall radiation dose. 

-The intracellular radiation dose to lymphocytes. Indium-111 generates Auger electrons which have caused 
concern over their potential to initiate lymphocytic leukemia. 

We have calculated relative radiation doses to whole body, critical organs (liver and spleen) and to 
lymphocytes for a typical leucocyte labelling procedure using indium-111 versus technetium-99m The 
calculations are based on accepted assumptions for the biodistribution of labelled leucocytes 

Relative doses for indium-111 and technetium-99m leucocytes. 
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Relative doses for indium-Ill and technet ium-99m 
leucocytes . 

Dose (Rad) per millicurie 
In-111 Tc-99ni 





0.5 


0. 02 




4.0 


0.13 




27.0 


0.87 


cells) 


6000 


280 



Whole body 
'Li ver 
Spleen 



It is apparent that Tc-99m is very much favoured for same day imaging. But there are also advantages for 
next day imaging. If one wishes to scan after 1 8 hours, i.e. at 3 half-lives, it is necessary to use 8 x more Tc-99m 
to obtain a suitable activity at the time of scanning. But Tc-99m still gives a substantially lower radiation dose. 

There is a need for a blood cell labelling agent based on technetium-99m. 

The invention provides a method of labelling blood cells by incubating a suspension of the blood cefis with a 
neutral lipophilic technetium-99m complex of a propylene amine oxime having the general structure 1, where 
one or each of the starred carbon atoms carries one hydrogen atom. 

Any or all of the carbon atoms in the propylene amine oxime structure 1 may carry substituents other than 
hydrogen. For example, the propylene amine oxime may have the formula 3:- 
where each R is H, alkyi, aryl, aralkyl, cycloalkyl. CF3, CONX2 or C6H4OCH3. 

is H, alkyI, aryl, aralkyi, cycloalkyl or CF3, 
each R2 is alkyl, aryl. aralkyi, cycloalkyl or CF3, 
or R and R2 together form part of a cycloalkyl ring, 
each of R3, R4 and RS is H, aikyl. aryl. aralkyi, cycloakyi, or CF3, and 

X is H, CH3, C2H5 or CsHs. Two substituents with the same symbol may be the same or different. 
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A particularly preferred propylene amine oxime is compound 2 above. Although this invention is based on 
results and not on theories, we currently believe that the technetium-99m complex of this compound may be 
prone to decompose in situ in blood cells in such a way as to retard or prevent its elution, and that this property 
may be shared by complexes of other propylene amine oximes having hydrogen atoms attached to the starred 
carbon atoms as in structure 1 . The neutral lipophilic technetium"99m complexes of propylene amine oximes 55 
of structure 1 are currently believed to have structure 4. 

A blood cell suspension is incubated with a complex as defined above under conditions which are not very 
critical. Incubation tennperature may be from 0 to 50^ C and is typically ambient or 37" C. Incubation time is 
typically from 1 to 60 minutes, although under favourable conditions labelling is substantially complete within 
ten minutes. Blood cells which may be labelled by the method include erythrocytes, leucocytes both 60 
mononuclear and poiynuclear. and platelets. The efficiency of the method depends on the nature of the cells, 
and IS generally better for leucocytes than for erythrocytes, and better for erythrocytes than for platelets. 

The concentration of the cells in the suspension is preferably as high as possible. As far as leucocytes are 
concerned, a substantial uptake of complex is observed at concentrations of 10^ cells/ml and greater, while at 
concentrations below IQe cells/ml. insufficient uptake is obseiA'ed. Similar effects apply for other kinds of 65 
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blood ceils. 

Plasma inhibits labelling. For example in one experiment using human erythrocytes, labelling was 500/o 
inhibited by a final concentration of 1 6.90/0 plasma and IOOO/0 inhibited by 340/o plasma. In cases when cells 
have been separated from blood for labelling, plasma should be substantially absent. On the other hand. 

5 leucocytes and particularly platelets may require plasma in order to remain viable. Plasma concentrations 
should be chosen sufficiently high to maintain blood cell viability during labelling but sufficiently iow to permit 
efficient labelling. For leucocytes and other blood cells, plasma concentrations from 50/o to 20^/0 may be 
appropriate. Indeed, addition of plasma is often a convenient way of terminating the labelling reaction. Only 
with whole blood labeHing, where mixed blood cells are present in very high concentration, is the presence of 

10 substantial proportions of plasma acceptable. 

The technetium-99m complexes are eluted from the blood cells into which they have been absorbed, but 
generally at a rate which is slow compared to the half life of technetium-99m (6 hours). The rate of elution is 
markedly temperature dependent, so labelled blood cells should preferably be stored at ambient temperature 
or below prior to use. The nature of the blood cells is also important, as indicated by the following figures which 

15 relate to different kinds of labelled cells stored for different periods of time in whole blood. 
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% Radioactivity (not 
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The following examples illustrate the invention. 



Example 1 

A solution of the technetium-99m complex of compound 2 was made as follows. A vial contained O.Smg 
45 compound 2; 0.0075mg stannous chloride dihydrate; and 4.5mg sodium chloride; freeze-dried and sealed 
under nitrogen. To this was added S.Omi of sodium pertechnetate eluate from a 135mCi technetium generator. 

Mixed leucocytes were obtained from 34ml of acid citrate anticoagulated blood by dextran sedimentation. 
These were washed twice and resuspended in 2.0m! phosphate buffered saline. The suspension was 
incubated with 0.2ml of the solution of the technetium-99m complex of compound 2. Incubation was at 
50 ambient temperature, and samples were removed at intervals for analysis. After two minutes, 600/a of the 
radioactivity was associated with blood cells; after 5 minutes, 830/o; and after 10 minutes. 890/o. 

Example 2 

To 02ml of the solution of the technetium-99m complex of compound 2 were added 1.0ml of washed 
55 erythrocytes at varying concentrations. Incubation was for 10 minutes at ambient temperature. With a red 
blood cell number of 10^, 30% of the radioactivity was taken up in the cells; with 10^ cells, the uptake was 
800/d; with 10^° cells, the uptake was 900/3. 

Example 3 

60 The experiment of Example 2 was repeated, but using platelets in place of erythrocytes. With 2 x 10^ 
cells/ml, the uptake nf radioactivity was 36^/c. 

Example 4 

1 .0 mi samples of heparinized whole blood (including plasma) were incubated with from 10 to 200 microlitres 
65 of the solution of the technetium-99r.i complex of compound 2. Labelling efficiency increased in proportion to 
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thg" amount of complex, ranging from 35.6o/o for a 10 microlitre addition to 68.30/0 for 200 microlitres. 

Eiution of technetium from these essentially erythrocyte preparations demonstrated that over a period of up 
to four hours leaching from the cells wa^ less than II0/0. 

Example 5 " 5 

Tc-99m labelled leucocytes prepared by the method of Example 1 were injected into rats bearing abscesses 
produced by implantation of sponge impregnated with faecal extract. Abscess uptake was identical to that for 
In-ili labelled leucocytes. 

Example 6 * 

Hexamethylpropylene-amineoxime (HMPAO) forms a lipid-soluble neutral complex with 99mTc which is ^ 
rapidly incorporated into leucocytes in vitro. In six patients with suspected or known inflammatory disease, a 
"mixed" leucocyte suspension isolated from 85^ml blood anticoagulated with acid-citrate-dextrose was 
labelled by 99mTc-HMPAO with a mean efficiency of 470/o, of which 78% was taken up by granulocytes. Activity 
eiuted more rapidly from other cell types in vitro than from granulocytes, which remained firmly labelled. Mean 75 
initial biodistribution of the label and_gr_anulocyte recovery in blood of 320/o at 30-40 min showed that the 
granulocytes were not significantly activated during labelling. All six patients were positive for inflammatory 
disease, as early as 30 min in five patients and at 3 h in the sixth; they all remained positive at 20-24 h. Four 
patients also received in-labelled "pure" granulocytes. In terms of detail, the ssmjc images were 
comparable or superior to the ^''''In images. 20 

This experiment is described in more detail in The Lancet, October 25 1986. pages 946-949. 



Claims 

1. A method of labelling blood cells by incubating a suspension of the bjood cells with a neutral 
lipophilic technetium-99m complex of a propylene amine oxime having the genera! structure 1 . 
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where one or each of the starred carbon atoms carries one hydrogen a!om. 
2. A method as claimed in claim 1 , wherein the suspension of blood cells is substantially free of plasma. 
3- A method as claimed in claim 1 or claim 2, wherein the blood cells are leucocytes. 

4. A method as claimed in claim 3, wherein the cell concentration of the leucocyte suspension is at least 50 
10^ cells/ml. 

5. A method as claimed in claim 1 or claim 2, wherein the bicod cells are erythrocytes. 

6. A method as claimed in any one of claims 1 to 5. wherein the propylene amine oxime has the formula 
3:- 
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whprp each R is H, a!ky!, an/!, aralky!, cyclcalky!. CF3, CONX^ cr Cbl 14OCH3. 

is H, alky! ar^'l. aralkyi, cycloalkyi or CF3. 
each R2 is aikyl. aryl, aratkyt, cycloalkyi or CF3, 
or R and R^ together form part of a cycloalkyi ring, 
25 each of R^. R^ and is H, alkyi, aryl, aralkyi cycloalkyi or CF3, and 

XisH,CH3.C2H5orC6H5. 

7. A method as claimed In any one of claims 1 to 6, wherein the propylene amine oxime is 
4,8-dia2a-3,6,6,9-tetramethylundecane-2,10-dione bis oxime. 

8. A method as claimed in claim 7, wherein the dJ-form of the propylene amine oxime is used. 
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